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Description
FIELD OF THE INVENTION

[0001] The present invention relates generally to fluid decontamination and, more particularly, to the use of three
dimensionally open structured material to enhance existing fluid decontamination methods.

BACKGROUND OF THE INVENTION

[0002] Fluids, particularly liquids such as water, are susceptible to being contaminated with toxic species and other
unwanted organic compounds. As such, there are several methods used in various industries to decontaminate and
treat such contaminated fluids. These methods include sonication, hydrodynamic cavitation and/or the use of chemical
reactions, particularly aided with a catalyst.

[0003] However, several of these existing methods are often limited in their effectiveness due to physical and/or spatial
constraints. For example, hydrodynamic cavitation, which relies on the increase in fluid flow turbulence and occurrence
of cavitation, or gas voids / bubbles, is often limited to decontaminating the specific localized areas where cavitation
occurs. Thus, a significant portion of the fluid flow would need to be exposed to cavitation in order for effective decon-
tamination to occur. Another example is the use of catalysts to initiate chemical reactions that destroy or modify such
unwanted chemicals to render them safe. Often, a single or uniform type of catalyst is employed which may only be
effective in targeting a fraction of the unwanted compounds. Some relevant prior art documents are CN 102 531 146 A,
CN 106 348 425 A, WO 2011/125427 A1 and US 2017/320754 A1.

[0004] It should therefore, be appreciated that there remains a need for effectively decontaminating liquids, including
enhancing existing decontamination methods to improve the destruction of toxic species and other unwanted organic
compounds. The present invention addresses this need and others.

[0005] It is an object to effectively decontaminate liquids containing toxic and other unwanted compounds. This and
other objects are achieved by the features as claimed in independent apparatus claim 1 and corresponding independent
method claim 13. Advantageous further embodiments are claimed in the dependent claims.

SUMMARY OF THE INVENTION

[0006] The essential features of the invention are set out in independent apparatus claim 1 and method claim 10.
Further, preferred embodiments are described in dependent claims 2-9, 11-12. Briefly, and in general terms, the invention
provides a fluid decontamination apparatus that contains one or more three dimensionally open structured (3DOS)
substrates to facilitate the destruction of toxic species and unwanted organic compounds contained in a contaminated
fluid. The apparatus may include a body configured to introduce the contaminated fluid through one or more nozzles
configured to induce turbulent flow, wherein the contaminated fluid contacts the one or more 3DOS substrates as it flows
across the body prior to being discharged via an outlet. The 3DOS substrates can be porous and permeable, wherein
the porosity enables extending the volume of fluid flow exposed to flow turbulence, further inducing cavitation and thereby
promoting the degradation and/or alteration of the toxic species and unwanted organic chemicals. The 3DOS substrates
are also configured to initiate chemical reactions on its exterior and interior surfaces. As such, the 3DOS substrates
provide a means for enhancing the destruction of toxic species and unwanted organic compounds contained in a con-
taminated fluid.

[0007] In a detailed aspect of an exemplary embodiment, one or more inlet apertures are disposed about the body,
wherein a corresponding nozzle can be inserted and secured within each of the said inlet apertures. Each nozzle is
configured to spray the contaminated fluid in a manner that induces turbulent flow while being directed to impinge onto
the interior and/or exterior surfaces of a respective 3DOS substrate. The nozzles can have nozzle openings oriented in
any direction, such as parallel or orthogonal to the fluid flow through a 3DOS substrate, wherein the contaminated fluid
is sprayed though said nozzle openings. The nozzles may also be of different configurations, orientations, size, and may
also vary in number and location, so as to vary the spray projection as directed to the 3DOS substrates and optimize
the decontamination of the contaminated fluid.

[0008] More specifically, in an exemplary embodiment, the 3DOS substrates can be composed of a metal alloy, such
as FeCrAl, also known as fecralloy that includes the Kanthal® brand. The metal alloy is configured as a metal foam.
Such characteristics can also vary depending on any other fluid decontamination measures utilized. The 3DOS substrates
can also be configured with prescribed levels of porosity, permeability, and tortuosity as a function of open pore sizes
ranging from microns to millimeters, including openended and closed-ended pores, as seen with common metal and
ceramic foams, wire meshes, and other reticulated material. The porosity can define a fluid flow path (flow pattern) within
the 3DOS substrate that enables extending the volume of a fluid experiencing turbulent flow conditions, and thus in-
creasing the exposure to hydrodynamic cavitation within the fluid, leading to further destruction of unwanted and toxic
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chemicals. The 3DOS substrates further provide active sites on its exterior and/or interior surfaces wherein chemical
reactions can proceed, also leading to the destruction of unwanted and toxic chemicals. The 3DOS substrates can also
be configured in a plurality of shapes and sizes, including a cylinder and/or conical-end cylinder, or in sheets shaped to
accommodate the fluid flow from the nozzles.

[0009] In a detailed aspect of an exemplary embodiment, the 3DOS substrate can be configured as a metal foam with
surfaces that are chemically modified to enable and enhance chemical reactions to take place on said surfaces, which
will assist in the chemical destruction of the toxic chemicals in the fluid stream. Additionally, but not forming part of the
currentinvention, the foam material may be composed of any non-metallic materials, such as, but not limited to, ceramics,
such as aluminum or silicon oxides, and may be reticulated carbon or quartz in open pore structures. Moreover, the
surfaces of the substrates may be modified to specifically trap and remove toxic chemical species, as a result of chemical
or physical interaction between the toxic species and the nature of the modified surface.

[0010] In another detailed aspect of an exemplary embodiment, the 3DOS substrates can be coated with catalysts to
enhance the ability to initiate chemical reactions on its external and/or internal surfaces. Moreover, the 3DOS substrates
can contain a selective catalyst system, where various types of catalysts are coated at different portions of a 3DOS
substrate to promote and accelerate different chemical reactions that destroy or alter specific contaminants of a fluid.
Furthermore, a 3DOS substrate coated with a catalyst at the inlet of the substrate, followed by a surface coated with
material to enable absorption and/or adsorption of specific chemicals will maximize the removal of unwanted contami-
nants.

[0011] In yet another detailed aspect of an exemplary embodiment, the fluid decontamination apparatus can include
a plurality of separate decontamination bodies that are sequentially coupled to each other, with each decontamination
body comprising 1) an inlet nozzle configured to induce hydrodynamic cavitation, and 2) a 3DOS substrate section. As
such, the volume of a contaminated fluid that is exposed to cavitation forming conditions is increased as the fluid flows
through each decontamination body sequentially.

[0012] In yet another detailed aspect of an exemplary embodiment, the 3DOS substrates can comprise corrugated
and/or smooth metal strips that are wound with or without a mandrel, providing a similar effect as previously described
with the use of a metal alloy with metal foam characteristics. The metal strips can include corrugated metal strips placed
atdifferent angles (such as chevron corrugations), perforated corrugated metal strips, and different lengths of metal strips.
[0013] In yet another detailed aspect of an exemplary embodiment, the 3DOS substrates can comprise wire mesh
wound in a cylinder or placed as a packed bed within a container body, providing a similar effect as previously described
with the use of a metal foam or corrugated metal strips.

[0014] In yet another detailed aspect of an exemplary embodiment, the fluid decontamination apparatus can be used
with a UV spectral irradiation reactor chamber, wherein the fluid flows through the reactor chamber, and is targeted by
UV lights from germicidal UV lights. The reactor chamber can be quartz walled to enable the UV light to impinge upon
the contaminated fluid. Moreover, the 3DOS substrates can be made of quartz material to enable the UV light to continue
to impinge upon the contaminated fluid. The 3DOS substrates can be a packed bed of quartz beads or particles, or a
plurality of quartz particles fused onto a quartz support strut, wherein either method extends the volume that a fluid is
exposed in turbulent flow conditions.

[0015] In yet another detailed aspect of an exemplary embodiment, the system can be configured to decontaminate
the fluid as it flows therethrough in a continuous flow or in a pulse flow. Embodiments can include (1) continuous flow,
(2) pulse flow, or (3) both continuous flow and pulse flow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Embodiments of the present invention will now be described, by way of example only, with reference to the
following drawings in which:

FIG. 1 is a side cutaway perspective view of a fluid decontamination apparatus in accordance with the present
invention, depicting contaminated fluid entering a body through nozzles and contacting multiple 3DOS substrates.

FIG. 2 is a side cutaway perspective view of a fluid decontamination apparatus in accordance with the present
invention, depicting nozzles spraying contaminated fluid into a body in different orientations and impinging onto a
3DOS substrate that has a conical head with a cylindrical body.

FIG. 3 is a side cutaway perspective view of a fluid decontamination apparatus in accordance with the present
invention, depicting nozzles spraying contaminated fluid into a body in different orientations and impinging onto a

3DOS substrate that has a cylindrical body of uniform diameter.

FIG. 4 is a side cutaway perspective view of a fluid decontamination apparatus in accordance with the present
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invention, depicting contaminated fluid flowing through a piping system and contacting 3DOS substrates, wherein
nozzles have nozzle openings oriented in a direction orthogonal to the fluid flow direction.

FIG. 5 depicts an open-cell foam structure with a random spatial configuration of the pores.
FIG. 6 depicts a 3DOS substrate embodied as a metal foam with an organized spatial configuration of the pores.

FIG. 7 depicts a fluid decontamination apparatus in accordance with the present invention, depicting an inlet section
and 3DOS substrate section, and connected piping.

FIG. 8 depicts a fluid decontamination apparatus in accordance with the present invention, depicting a plurality of
decontamination bodies arranged sequentially, each decontamination body including an inlet section and 3DOS
substrate section.

FIG. 9 depicts a perforated corrugated metal strip that is attached to a mandrel when being wound.

FIG. 10 depicts corrugated metals strips wound in a cylindrical manner without a mandrel.

FIG. 11 depicts a perforated corrugated metal strip that can be combined in layers and wound with or without a
mandrel.

FIG. 12 depicts a corrugated metal strip that can be combined in layers and wound with or without a mandrel.

FIG. 13 depicts a perforated corrugated metal strip, wherein the corrugations are aligned in an angled chevron
manner, and such metals strips can be combined in layers, and wound with or without a mandrel.

FIG. 14 is a side cutaway perspective view of a UV reactor chamber for fluid decontamination, comprising an inlet
orifice or venturi for spraying the contaminated fluid in a turbulent manner across a 3DOS substrate.

FIG. 15 is a side-cutaway view of the fluid decontamination apparatus of FIG. 14, depicting a 3DOS substrate
comprising quartz particles attached to a quartz strut, with UV lamps disposed about the reactor chamber, not
forming part of the current invention.

FIG. 16 is a side-cutaway view of the fluid decontamination apparatus of FIG. 14, depicting a 3DOS substrate
comprising quartz particles or beads arranged in a packed bed manner, with germicidal UV lights disposed about

the reactor chamber, not forming part of the current invention.

FIG. 17 depicts an optimal UV light wavelength in a spectrum for destroying unwanted biological compounds and
species in a contaminated fluid.

FIG. 18 depicts a graphical representation of germicidal effectiveness against UV wavelength, indicating the peak
effectiveness.

FIG. 19is a depiction of fluid flow through a venturi nozzle, depicting cavitation bubble paths or trajectories overlapped
over the resulting pressure contours.

FIG. 20 is a depiction of fluid flow through an orifice, depicting cavitation bubble paths or trajectories overlapped
over the resultant pressure contours.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0017] Referring now to the drawings, and particularly FIG. 1, there is shown a fluid decontamination apparatus having
a body 10 with a plurality of three-dimensional open structure (3DOS) substrates 14 spaced about therein, wherein a
contaminated fluid flowing 12 through the body 10 will contact the 3DOS substrates 14. Nozzles 16 can be inserted and
secured within inlet apertures disposed about the body 10 and configured to inject 28 the contaminated fluid with/without
air to induce the occurrence of hydrodynamic cavitation 18. The substrates 14 can be porous and permeable, enabling
the contaminated fluid to flow 12 therethrough, wherein the fluid flow passageway through the pores extends the volume
of contaminated fluid exposed to turbulent and cavitation inducing flow conditions. Moreover, the 3DOS substrates 14



10

15

20

25

30

35

40

45

50

55

EP 3 710 407 B1

may be coated with one or more types of catalysts, wherein the interaction between the contaminated fluid and the
porous surfaces can initiate chemical reactions. As such, the extended exposure of the contaminated fluid to the formation
and implosion of gaseous voids from hydrodynamic cavitation, along with the chemical reactions carried out on the
porous surfaces, enable an increased number of toxic species and unwanted organic compounds to be destroyed and/or
altered, thereby enhancing the decontamination of the flowing fluid 12.

[0018] With reference to FIGS. 1-3, the exemplary embodiments depict a body (10, 40), defining an enclosure that
receives the contaminated fluid through one or more nozzles (16, 42, 46), which are inserted and secured within inlet
apertures disposed about the respective body. Each nozzle defines a fluid flow passageway between the body (10, 40)
and an external fluid source, such as a piping system. The contaminated fluid flows through the body (10, 40), with at
least a portion of the fluid flowing through one or more three-dimensional open-structured substrates (14, 44, 52), prior
to exiting the body through one or more outlets (e.g. FIG. 7 reference character 207). The net displacement of the fluid
flow is in a direction parallel to a longitudinal axis (Ax) 22 of the body (10, 40). Each nozzle can be configured to spray
the contaminated fluid in a uniform manner. In addition or alternatively, the actual fluid flow profile may also be non-
uniform due to its turbulence.

[0019] In an exemplary embodiment, the fluid flow displacement is based on the location of the inlet aperture(s) (16,
42, 46) and outlet aperture(s) (not shown), wherein the fluid will flow from the inlet apertures to the outlet apertures. In
addition, or alternatively, the flow of the contaminated fluid within the body can be continuous and/or pulsated flow.
Furthermore, in addition or alternative embodiments, the inlet aperture(s) can be aligned or inserted with other means
for receiving fluid, such as other types of pipe fittings. The body (10, 40) can include a longitudinal section (24, 48) that
is parallel with the longitudinal axis 22 (Ax), and the body can further include opposing ends comprising of a first end
(26, 50) and a second end (not shown). The body can be configured as a tubular shape, or any another shape.

[0020] Referring now to FIG. 1, the contaminated fluid is introduced within the body via injection nozzles 16 (inserted
within a respective inlet aperture) that are disposed about the longitudinal section 24 of the container body 10. Each
injection nozzle 16 comprises a nozzle opening that is oriented orthogonal to the longitudinal axis 22, and thereby
configured to spray the contaminated fluid orthogonal to the fluid flow through 3DOS substrates 14 and the container
body 10. Exemplary conditions for the fluid introduced within the container body include pressures ranging from 0.2 MPa
to 0.55 MPa for a water flow rate between 3.5 liters/min to 5.0 liters/min.

[0021] By contrast, referring now to FIGS. 2 and 3, the body 40 includes a parallel spraying injection nozzle 42 disposed
at one of the opposing sides 50, and an orthogonal spraying injection nozzle 46 disposed on the longitudinal section 48,
wherein the 3DOS substrate(s) (44, 52) covers the cross-section of the body 40 and fluid passageway for a specified
length across the respective longitudinal section 48. The 3DOS substrate in FIG. 2 (44) comprises a conical inlet portion,
while the 3DOS substrate depicted in FIG. 3 (52) is a cylinder with a uniform diameter. The number and location of
nozzles for either body (10, 40) can be varied so as to spray fluid towards and impinging upon the respective 3DOS
substrate(s) in a manner that optimally decontaminates the contaminated fluid (further described below).

[0022] Moreover, the nozzle type and size can vary for each inlet aperture (16, 42, 46), thereby impacting the per-
formance of a 3DOS substrate in decontaminating fluid. For example, Venturi nozzles can be used to promote fluid to
be injected/dispersed with increased turbulence. Each nozzle can include a nozzle opening that can be slit, conical, or
a similar shape such that the spray pattern can be altered, thereby impacting the fluid flow turbulence. As aforementioned,
each nozzle opening can be structured such that the flow pattern of a fluid will be directed to a 3DOS substrate, enabling
the fluid flow to impinge onto the exterior and/or interior surfaces of the 3DOS substrates, described further below.
Moreover, each nozzle opening can be configured to spray the contaminated fluid such that it interacts uniformly over
the inlet section of a respective 3DOS substrate. It should be appreciated that a given fluid decontamination apparatus
may contain various combinations of such nozzle sizes, orientation, and inlet structures, in addition to any combination
of the number and location of such nozzles, without departing from the invention.

[0023] Referring now to FIG. 4, in an alternate embodiment, a decontamination assembly can be included within a
pipe section of a continuous pipe 60 with contaminated fluid flowing 62 within, with the pipe 60 defining a fluid flow path
parallel with a longitudinal axis (Ay) 68. The decontamination assembly includes one or more 3DOS substrates 66 and
inlets 64 configured with injection nozzles for increasing fluid turbulence, which can include injecting contaminated fluid
and/or air at medium or high pressure

[0024] With continued reference to FIGS. 1-4, the 3DOS substrate(s) (14, 44, 52, 66) can be composed of a rigid,
porous material, wherein liquid interaction with the 3DOS substrate is increased based on the porosity. The open structure
is a function of the void volume in the substrate, i.e., the total volume of void space occupied in a 3DOS substrate. In
the exemplary embodiment, the 3DOS substrate is comprised of a metal alloy, such as FeCrAl, which is commercially
available, e.g., under the Kanthal® brand. The metal alloy can be configured as a metal foam (e.g., metal sponge), or
not according to the current invention it can exhibit similar characteristics as seen in metal foams, such as high porosity,
elasticity, tensile strength, and good heat resistance. In addition to or alternatively, the 3DOS substrate can be configured
with a ceramic foam. Characteristics such as porosity, permeability, and tortuosity can be configured as a function of
open pore sizes ranging from 5 microns to 5 millimeters. Moreover, the characteristics of a 3DOS substrate, including



10

15

20

25

30

35

40

45

50

55

EP 3 710 407 B1

porosity, can be varied about the substrate, such as across its length, e.g., from inlet to exit.

[0025] In an exemplary embodiment, the 3DOS substrate can employ open-cell pores, which consists of an intercon-
nected network of pores within the metal body, enabling fluid to pass within and through said 3DOS substrate. In addition
or alternatively, the cells may be partially obstructed, but not completely closed, thereby still enabling fluid to flow therein.
Moreover, the cells may be disposed randomly within the 3DOS substrate (FIG. 5), or in an organized configuration
(FIG. 6). The foam cells include openness ranging from nominally 3.9 pores per centimeter (ppc) to 19.7 ppc (10 pores
per inch (ppi) to 50 ppi), depending on the choice of foam material and the inlet operating pressure Furthermore, an
exemplary range for the relative density of metal foams can be between 2% and 15% of the metal density making up
the 3DOS structure. The relative density is the density of the of the 3DOS structure (with the specified porosity) divided
by the density of the solid material making up the 3DOS structure (i.e. no pores). The porosity of a 3DOS structure can
be determined based on the relative density.

[0026] The 3DOS structures may be further configured with open cell structures of varying shapes, from triangular to
circular, thereby providing a means to control and/or direct the flow patterns through said 3DOS substrates that will
enhance the ability to manifest the inlet hydrodynamic cavitation. As such, the contaminated fluid, in turbulent flow and
incurring hydrodynamic cavitation formation, can be configured to pass through and exit the 3DOS substrate in a manner
that extends the hydrodynamic cavitation throughout the 3DOS structure, due to the fluid flow patterns defined by the
open structure within the 3DOS substrate. Thus, additional areas of reduced pressure are formed, further inducing
hydrodynamic cavitation within the fluid to occur (described below). Moreover, the fluid flow pathways (patterns) within
the 3DOS substrate increases the interaction between the fluid and substrate exterior and/or interior surfaces, thereby
promoting chemical reactions and/or absorption/adsorption to occur on said exterior and/or interior surfaces (described
below). As aforementioned, the interconnecting network of pores or reticulation can further be constructed with varying
tortuosity and permeability, thereby affecting the length and extent of exposure of a contaminated fluid to the pores
within a 3DOS substrate, which can be manipulated to enhance interaction with the substrate surfaces.

[0027] The 3DOS substrates can be of different shapes, sizes, and void fraction to enhance interaction between the
contaminated fluid and substrate surfaces, and extend exposure of the fluid to turbulent and/or hydrodynamic inducing
conditions. As aforementioned, the pore sizes for the 3DOS substrates may vary from microns to millimeters, wherein
the specified size is based on the fluid velocity, viscosity, and inlet pressure of the fluid causing hydrodynamic cavitation
at the inlet of the body. As aforementioned, exemplary inlet flow conditions can include 0.2 MPa to 0.55 MPa for a water
flow rate between 3.5 liters/min to 5.0 liters/min, and the viscosity of a contaminated fluid can be similar to that of water
(1cP at 20°C). The wall thickness of the 3DOS substrate can be defined based on the specified pores per cm (ppc) (or
per inch ppi) and density of the interconnecting pores, wherein such specifications also impact the size and porosity
(void fraction) of a given substrate. Moreover, the porosity of a given 3DOS substrate can vary across its length, such
as increasing, decreasing or varying non-uniformly across the 3DOS substrate, so as to manipulate the degree of
turbulence and/or number of active sites for chemical reactions to proceed thereon, e.g., increasing the turbulence and
number of active sites. Such varying porosity can be accomplished by varying the cell configuration and foam compo-
sitions, which can be manufactured by different methods, thereby introducing variations in pore size range and relative
densities.

[0028] As aforementioned, the structure of the 3DOS substrate can be a cylinder with a uniform diameter, as seen in
FIG. 3 (52). As another example, the structure of 3DOS substrate can be conical on one end, as seen in FIGS. 1, 2,
and 4 (14, 44, 66). The reactor (body) could also contain sheets of the 3DOS substrate if a body (reactor) design other
than cylindrical were employed. It should be appreciated that the structure of the 3DOS substrate can be in any shape
that promotes hydrodynamic cavitation and fluid flow turbulence supporting decontamination. Moreover, the 3DOS
substrate can be configured to limit the backpressure developed for the fluid flowing therethrough, so as to ensure there
remains a minimum driving force (pressure differential) for 1) the fluid to flow at a certain flow rate and 2) to induce
formation of hydrodynamic cavitation within the fluid.

[0029] As aforementioned, the 3DOS substrate aids to extend the volume of fluid exposed to hydrodynamic cavitation
formation conditions. Hydrodynamic cavitation is the formation, growth, and subsequent collapse of microbubbles in a
fluid that results in alarge amount of energy released per volume within milliseconds. The formation of such microbubbles,
or gas voids, within a fluid, can be induced by a localized reduced pressure point. With reference to the 3DOS substrate,
the combined action of the velocity of the fluid over the substrate walls within the 3DOS substrate results in a pressure
drop on the downstream side of said walls due to the drag of the fluid flow over the respective surface, thereby resulting
in cavitation formation. The subsequent increase in surrounding pressure results in the implosion of such gas voids, (i.e.
collapsed microbubbles) which can result in localized pressures and temperatures ranging (but not limited to) from 10
MPA to 500 MPa and 1000K to 10,000K respectively. As a result of the collapsed microbubble conditions, unique
chemical reactions can take place that can alter and/or destroy toxic species and/or unwanted organic compounds. The
chemical reactions can take place, in part, due to radicals formed from the fluid, e.g. water, and/or due to the trace
chemicals dissolved in the fluid (e.g. water).

[0030] With reference to FIGS. 19 and 20, there is shown a depiction of the cavitation bubble paths or trajectories
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overlapped over the pressure contours in a venturi nozzle (FIG. 19) and through an orifice respectively (FIG. 20). As
depicted in FIG. 19, fluid flow through a venturi nozzle results in a larger cross-sectional area exposed to a low-pressure
region, where as fluid flow through an orifice (FIG. 20) produces a low-pressure region about the orifice holes.

[0031] The effectiveness of decontaminating a fluid using hydrodynamic cavitation depends on the extent of fluid
volume exposed to sufficiently turbulent conditions. As such, the use of a 3DOS substrate will extend the volume of fluid
exposed to such turbulent conditions based on 1) the interconnected voids contained within the substrate and 2) the
semi barrier that the 3DOS substrate as a whole presents to the fluid flow, thereby extending the cavitation forming
conditions created by the inlet nozzle. Continued cavitation may also occur within the 3DOS substrate, depending on
the flow velocity and the 3DOS substrate walls/ structure within the flow path

[0032] Referring now to FIG. 7, an exemplary decontamination apparatus 200 is depicted connected with a piping
system 202 and configured to conduct experimental tests for evaluating the effectiveness of using 3DOS substrate(s)
for fluid decontamination. The apparatus 200 comprises a 5.1 cm (2") inlet section 204 that includes a nozzle (not shown)
configured to induce hydrodynamic cavitation within the fluid, and a larger 10.2 cm (4") section 206 that is configured
to contain a 3DOS substrate within The pipe 202 connected to the apparatus is 0.64 cm (1/4 inch). In the exemplary
experimental tests, the fluid flowing through the pipe 202 and apparatus 200 is a water solution of four halogenated
hydrocarbons. The water is introduced through the inlet nozzle 204 at a rate of 2270 liters per day (500 gpd) and pressure
of 0.00527 MPa. The experimental tests evaluated the decontamination of the water solution achieved by 1) using only
hydrodynamic cavitation, induced by the inlet nozzle, wherein the fluid did not encounter a 3DOS substrate, and 2)
inducing hydrodynamic cavitation and subsequently flowing the fluid through a 3DOS substrate section, which comprises
of a FeCrAl foam structure with approximately 19.7 pores per centimeter (50 ppi). The results from the experimental test
are below:

Hydrodynamic Cavitation Only (via Nozzle) (Without 3DOS

Substrate)
[0033]
Before pg/L After pg/L
Lower Concentration 150 ND (non-detectable)
Bromodichloromethane
Higher Concentration 630 10
Lower Concentration 170 20
Bromoform
Higher Concentration 680 77
Lower Concentration 130 81
Chloroform
Higher Concentration 550 390
Lower Concentration 170 3
Dibromochloromethane
Higher Concentration 700 14

Hydrodynamic Cavitation (via Nozzle) With 3DOS Substrate

[0034]
Before pg/L | After pg/L

Lower Concentration 130 ND
Bromodichloromethane

Higher Concentration 510 ND

Lower Concentration 130 ND
Bromoform

Higher Concentration 520 ND

Lower Concentration 110 1.9
Chloroform

Higher Concentration 430 17
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(continued)
Before pg/L | After pg/L
Lower Concentration 140 ND
Dibromochloromethane
Higher Concentration 590 ND

[0035] The test results indicate an increased reduction in contaminant concentration when inducing hydrodynamic
cavitation within the fluid (via the inlet nozzle) and subsequently flowing the fluid through the 3DOS substrate section.
Specifically, as seen in the test results, significant reduction in each halogenated contaminant results from the combined
hydrodynamic cavitation and a Fecralloy foam that the hydrodynamic cavitation without the Fecralloy foam is incapable
of producing. The contribution exhibited by the addition of the foam can be provided by any of several structures which
have multiple voids or open spaces such as are found in reticulated shapes i.e., foams, or in perforated material, or in
meshed material, through which fluids may flow with low pressure drop or similar pressure differential from inlet to exit
and experience hydrodynamic cavitation as demonstrated in the above experiment. As such, the test results provide
support forimproved decontamination of fluids by extending the exposure of turbulence, and thereby cavitation formation,
when flowing such fluids in turbulent flow and pressure differentials across one or more 3DOS substrates.

[0036] Referring now to FIG. 8, in an additional or alternate embodiment, a fluid decontamination apparatus 208 can
comprise of a plurality of separate decontamination bodies (210, 212, 214) coupled to one another in a sequential
manner. The first (210) and last (214) sequential bodies can be connected to a fluid containment system, such as a
piping system (228, 230), while the connection between each pair of sequential bodies forms a fluid path to flow there-
through. Each decontamination body (210, 212, 214) can include an inlet (216, 220, 224) having a nozzle (not shown)
that is configured to induce hydrodynamic cavitation within the fluid as it enters a respective decontamination body.
Moreover, each decontamination body (210, 212, 214) can include a 3DOS substrate section (218, 222, 226) that
encounters the fluid as it flows through the respective decontamination body. As such, sequentially arranging such
decontamination bodies (210, 212, 214) further extends the volume of fluid exposed to cavitation forming conditions,
and thereby enhances the decontamination of the fluid. As depicted in FIG. 8, a fluid flowing through a piping system
228 enters a first decontamination body 210 via a first inlet 216 nozzle, wherein cavitation formation is induced by the
first nozzle and extended across the fluid as it flows through a first 3DOS substrate section 218. The fluid exits the first
decontamination body 210 and flows through a second (212) and third (214) decontamination body sequentially, each
decontamination body inducing cavitation formation via the respective inlet (220, 224) nozzle, and extending such
cavitation forming conditions within the fluid via the respective 3DOS substrate section (222, 226). The fluid enters a
piping system 230 after exiting the third decontamination body 214.

[0037] With continued reference to FIG. 8, the inlet nozzles can be configured to spray the fluid in an evenly distributed
manner that induces cavitation formation within the fluid, and evenly distributes the fluid across the respective 3DOS
substrate(s). This may be achieved by any of several methods which will produce hydrodynamic cavitation, two examples
of which are shown in FIGS. 19-20. Additionally, the pressure of the fluid in the piping system prior to entering the first
decontamination body is high enough to account for the pressure drop across all the decontamination bodies and meet
the minimum required pressure at the discharge of the decontamination apparatus 208 (i.e. pressure in the piping system
downstream the last sequential decontamination body). Pressure losses across each decontamination body can include
the pressure drop as the fluid flows through the respective inlet nozzle, and the pressure drop across the respective
3DOS substrate.

[0038] In an additional or alternative embodiment, the 3DOS substrate can aid in providing additional active sites that
enable unwanted chemicals to undergo chemical reactions and be either destroyed or altered in the process. Examples
of such reactions include catalytic reactions, i.e. chemical reactions that are accelerated through catalysts coated onto
the substrate. Moreover, the 3DOS substrate can employ a selective catalyst system where different types of catalysts
are applied to different areas of a given substrate. This enables a given 3DOS substrate to specifically target the unwanted
toxic species and/or organic compounds that are either unharmed or remain toxic from an earlier reaction by a given
type of catalyst. For example, one type of catalyst may be coated on a 3DOS substrate to initiate chemical reactions at
the inlet of the substrate, while a different type of catalyst will be coated at the other end of the same 3DOS substrate
to initiate a different set of chemical reactions for the remaining, or resulting, unwanted chemicals and compounds.
[0039] Examples of such catalysts/material that can be coated or sprayed (or bound) on the surface of the 3DOS
substrates include oxides, such as perovskite, alumina, and/or similar material, which can act as an active surface on
which unwanted or toxic species may require a lower energy for activation (for a chemical reaction) or result in adsorption
/ absorption, and further enhances the interaction of the unwanted/toxic species. Additional catalyst examples would
include the application of catalytic species, such as noble or non-noble metal species, onto the coated surfaces, wherein
the coated surfaces maybe alumina or similar catalyst support material. In addition or alternatively, an oxide or similar
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material can be coated or sprayed (or bound) on the surface of the substrates to act as a surface on which a catalyst
may be incorporated to lower the energy for activation, while another material may be sprayed or coated to enhance
the activity of a catalyst. An example of a reaction taking place on a modified metal foam surface 3DOS substrate could
be an oxidation reaction between an oxide surface, dissolved oxygen, and/or toxic hydrocarbon that is similar to any
catalytic hydrocarbon oxidation process.

[0040] In yetanother embodiment, only the inlet of a given 3DOS substrate may be applied with catalysts to accelerate
chemical reactions. The remaining surface of the given substrate may instead be coated or treated with material that
will absorb or adsorb the species and/or compounds generated at the catalytic sites, so as to complete the removal
process of the unwanted toxic species and/or organic compounds. Zeolites and metalorganic framework (MOF) chemicals
are examples of materials that can be coated on the substrate that will aid in such absorption and/or adsorption.
[0041] It should be appreciated that the use of 3DOS substrates can be used with any combination of existing fluid
decontamination methods. For example, 3DOS substrates can be used where hydrodynamic cavitation, sonication,
catalytic reactions, and absorption/adsorption are all used together.

[0042] In an alternate or additional embodiment, injection nozzles for each inlet can be configured to increase the fluid
flow turbulence by injecting the contaminated fluid with air at medium or high pressure, thereby resulting in droplets,
voids, and/or regions of varying pressure that impinge onto each 3DOS substrate surface. Including air in the inlet nozzle
as it sprays contaminated fluid aids in incorporating areas of voids within the 3DOS substrate as the fluid flows there-
through. As such, by increasing the fluid flow turbulence, such injection nozzles enable to 1) induce hydrodynamic
cavitation formation by spraying directly onto the 3DOS substrate, and 2) increase interaction between the contaminated
fluid and 3DOS substrates to enable chemical reactions involving unwanted chemicals to be carried out. Air can be
received from an external air supply and injected into the liquid feed stream.

[0043] With reference to FIGS. 9-13, use of corrugated metal structures, created by any of several methods including,
but not limited to, winding corrugated and/or smooth strips of metal, may also be employed, either in place of metal
alloys configured as metal foam, or in conjunction with such metal foams. Likewise, emplacement of a monolith, which
incorporates a series of wound corrugated and/or smooth metal strips, may be employed in place of metal foam, to serve
much the same purpose that metal foam has been described previously to provide. The monolith can be wound with a
mandrel 120 (FIG. 9), or without (FIG. 10), and can be wound to a given dimension that matches the inside container
body or pipe diameter (similar to the 3DOS substrate (52) depicted in FIG. 3). Moreover, the metal strips can be wound
along a mandrel or unit center in different configurations, such as corrugations from the different metal strips aligned at
opposite angles, metal strips of varying lengths, and/or using strips of alternating length/angle. Types of metal strips
that can be wound include layers of corrugated (FIG. 12) or similarly deformed metal strips, layers of perforated corrugated
metal strips (FIG. 11), and/or layers in which the corrugations or deformations do not nest together i.e. the corruga-
tions/deformations do not collapse together and thereby retain the original open structure desired (between the metal
strip layers), such that smooth metal strips may not be needed. Moreover, the use of metal strips corrugated at angles,
such as in the shape of a chevron (FIG. 13) or herringbone, may be employed with the perforations either randomly or
uniformly in place, or can vary within a section of the sheet. In an alternative embodiment, the corrugated and/or angled
corrugated metal strips may be layered on top of each other instead of being wound around a mandrel, wherein the
strips are layered without nesting. The angle of corrugation can be varied to correspond to varying pores per inch (ppi),
i.e. from large ppi to small ppi. The treatment of the corrugated metal monolith surfaces to retain the properties previously
described for metal foam, including catalytic and adsorption/absorption surfaces, may be employed. Moreover, any
combination of the aforementioned use of corrugated and/or smooth metal strips, varying angles, metal strip lengths,
etc. can be used to manipulate the degree of decontamination attained. In any case, where foam or layered strips are
employed, the entire cross-section of the body (reactor) is completely exposed to the 3DOS substrate to eliminate any
possible by-pass of the flowing liquid from not flowing through the 3DOS substrate.

[0044] Furthermore, an alternative to metal strips may be the use of wire mesh than can also be wound into cylinders
that take various shapes and configurations that result in tumultuous flow into, and through, the bed in similar fashion
to the flow through a metal foam. Alternatively, the wire mesh can be implemented to form a packed bed of wire mesh
to provide the desired three dimensionally open structure. Likewise, these surfaces may be altered in similar fashion as
described for metal foam surfaces and metal strips to enhance catalytic and adsorption/absorption properties, including
varying features over a length of a given section.

[0045] With reference now to FIG. 14, which is not according to the invention, an alternative embodiment is depicted
of a fluid decontamination apparatus in accordance with the present invention, which include a reactor chamber 100
and a 3DOS substrate 106 disposed within a section of the reactor chamber 100. The reactor can comprise of metal
and/or an ultraviolet (UV) transparent material, e.g. quartz 102. The use of quartz 102 for both the reactor chamber and
the substrate enables UV spectral irradiation to be exposed to the fluid flow therein, wherein lamps/source of UV can
be located external to and surrounding the reactor. As such, the entire outer surface of the quartz reactor is exposed to
UV radiation.

[0046] Exposing fluid to UV spectral irradiation may be desired to destroy biological species and/or very stable organic
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compounds found in the fluid. Ranges of UV wavelengths for effectively destroying such biological species and/or stable
organic compounds are depicted in FIGS. 17 and 18. Such UV spectral irradiation can be achieved by use of a quartz-
walled reactor that will permit unobstructed UV light from germicidal UV lights to penetrate the flowing fluid.

[0047] By combining the cavitation process (from injecting fluid in a turbulent manner) in conjunction with a 3DOS
substrate, in the presence of UV light, the completion of the destruction of these unwanted materials can be achieved.
However, because of the desire to permit the UV light to penetrate into and throughout the fluid as it passes through the
3DOS structures, as aforementioned, the material selection for said 3DOS will be quartz, rather than the material selection
presented above (such as metal alloy). Referring now to FIGS. 15-16, also not according to the invention, the quartz
3DOS can take the form of either 1) a packed bed of quartz particles 114 (FIG. 16), such as beads, shards or pellets,
or 2) the implementation of a structure 110 which rigidly holds quartz particles 108 in a fixed position (FIG. 15). Either
approach will serve the same purpose of combining the enhancement of cavitation, a tortuous fluid flow path, and
continuous exposure to UV light by germicidal UV lights 112. Moreover, in either approach, the quartz 3DOS can include
a porous structure. Referring now to FIG. 14, the quartz 3DOS structures can be configured to fit 116 within grooves in
endplates for respective O-ring gaskets within the reactor, and aligned with the inlet orifice or venturi 104 enabling
hydrodynamic cavitation at the entrance of the reactor.

[0048] Itshould be appreciated from the foregoing that the presentinvention provides a fluid decontamination apparatus
having a body with a plurality of three-dimensional open structure (3DOS) substrates spaced about therein, wherein a
contaminated fluid flowing through the body will contact the 3DOS substrates. Nozzles can be inserted and secured
within inlet apertures disposed about the body and configured to inject the contaminated fluid with/without air to induce
the occurrence of hydrodynamic cavitation. The substrates can be porous and permeable, enabling the contaminated
fluid to flow therethrough, wherein the fluid flow passageway through the pores extends the volume of contaminated
fluid exposed to turbulent and cavitation inducing flow conditions. Moreover, the 3DOS substrates may be coated with
one or more types of catalysts, wherein the interaction between the contaminated fluid and the porous surfaces can
initiate chemical reactions. As such, the extended exposure of the contaminated fluid to the formation and implosion of
gaseous voids from hydrodynamic cavitation, along with the chemical reactions carried out on the porous surfaces,
enable an increased number of toxic species and unwanted organic compounds to be destroyed and/or altered, thereby
enhancing the decontamination of the flowing fluid.

Claims
1. A fluid decontamination apparatus, comprising:

a body (10, 40, 210, 212, 214) defining an enclosure that enables fluid flow (12) therethrough, the body (10,
40, 210, 212, 214) having opposing ends (26, 50); and

an outlet aperture for discharging the fluid flow (12) from the enclosure, the inlet and the outlet apertures
configured to direct the fluid flow (12) through the enclosure;

characterized by:

an inlet aperture (16, 42, 46, 64) coupled to a contaminated fluid (62) source and coupled to the body (10,
40, 210, 212, 214) for introducing a fluid flow into the enclosure, the inlet aperture (16, 42, 46, 64) configured
to generate hydrodynamic cavitation (18) upon exiting the inlet aperture (16, 42, 46, 64) within the enclosure;
and

a three dimensionally open structured (3DOS) metal foam substrate (14) disposed within the enclosure
proximate to the inlet aperture such that the hydrodynamic cavitation (18) generated by the inlet aperture
(16, 42, 46, 64) enters the 3DOS substrate (14) and extends in a continuous manner therein, the 3DOS
substrate (14) having an openness ranging from 3.9 pores per centimeter (ppc) to 19.7 ppc (10 pores per
inch (ppi) to 50 ppi) and having a relative density between 2% and 15% relative to the density of the solid
material making up the 3DOS substrate, the 3DOS structure is structured such that the hydrodynamic
cavitation (18) is maintained and hydrodynamic cavitation continues through the 3DOS substrate (14), to
enable destruction of toxic species and unwanted organic compounds contained in the contaminated fluid
(62).

2. The fluid decontamination apparatus as defined in claim 1, wherein the inlet aperture (16, 42, 46, 64) is a Venturi
nozzle.

3. The fluid decontamination apparatus as defined in claim 1, wherein the inlet aperture (42) is coupled to a first
opposing end (50) of the body (40) and having a nozzle opening oriented aligned with the fluid flow direction.
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The fluid decontamination apparatus as defined in claim 1, further comprising a second inlet aperture (16, 46, 64)
coupled to the body (10, 40) and having a nozzle opening oriented orthogonal to the fluid flow direction.

The fluid decontamination apparatus as defined in claim 4, further comprising a plurality of inlet apertures (16, 46,
64) coupled to the body (10, 40), each having a nozzle opening oriented orthogonal to the fluid flow direction.

The fluid decontamination apparatus as defined in claim 1, wherein the inlet aperture (16, 42, 46, 64) is coupled to
an air supply, to enable the fluid flow (12) to be introduced within the enclosure with air to enhance hydrodynamic
cavitation (18) formation upon exiting the inlet aperture (16, 42, 46, 64) within the enclosure.

The fluid decontamination apparatus as defined in claim 1, wherein the 3DOS substrate (14) defines a plurality of
sections, each configured with different openness and relative densities from each other.

The fluid decontamination apparatus as defined in claim 1, wherein the 3DOS substrate (14) defines a porous
surface that is coated with a catalyst, to initiate chemical reactions that enable destruction of toxic species and
unwanted organic compounds contained in the contaminated fluid (62).

The fluid decontamination apparatus as defined in claim 1, wherein the inlet and outlet apertures are coupled to
and aligned with a piping system (202, 228, 230) to form a continuous pipe section (60).

A method of fluid decontamination, comprising:

introducing, via an inlet aperture (16, 42, 46, 64), a contaminated fluid (62) from a fluid source into an enclosure,
the inlet aperture (16, 42, 46, 64) being coupled to a body (10, 40, 210, 212, 214) defining the enclosure that
enables fluid flow (12) therethrough; and

discharging the fluid flow (12) from the enclosure via an outlet aperture, the inlet and the outlet apertures
configured to direct the fluid flow (12) through the enclosure;

characterized by the steps of:

generating hydrodynamic cavitation (18) upon exiting the inlet aperture (16, 42, 46, 64) within the enclosure;
and

extending the hydrodynamic cavitation (18) within a three dimensionally open structured (3DOS) metal
foam substrate (14) disposed within the enclosure, the 3DOS substrate (14) having an openness ranging
from 3.9 pores per centimeter (ppc) to 19.7 ppc (10 pores per inch (ppi) to 50 ppi) and having a relative
density between 2 percent and 15 percent relative to the density of the solid material making up the 3DOS
substrate, the 3DOS structure is positioned proximate to the inlet aperture (16, 42, 46, 64) such that the
hydrodynamic cavitation (18) generated by the inlet aperture (16, 42, 46, 64) enters the 3DOS substrate
(14) and the 3DOS substrate (14) maintains the hydrodynamic cavitation (18) of the fluid flow (12) into the
3DOS substrate (14) to enable destruction of toxic species and unwanted organic compounds contained
in the contaminated fluid (62).

The method as defined in claim 10, wherein the fluid flow (12) is introduced within the body (10, 40, 210, 212, 214)
at pressures ranging from 0.2 MPa to 0.55 MPa for a water flow rate between 3.5 liters/min. to 5.0 liters/min.

The method as defined in claim 10, wherein the 3DOS substrate (14) defines a porous surface that is coated with
a catalyst, to initiate chemical reactions that enable destruction of toxic species and unwanted organic compounds
contained in the contaminated fluid (62).

Patentanspriiche

1.

Eine Fluiddekontaminierungsvorrichtung, mit:

einem Koérper (10, 40, 210, 212, 214), welcher eine Umhllung definiert, welche eine Fluidstrdmung (12) durch
den Korper ermdglicht, wobei der Kérper (10, 40, 210, 212, 214) zwei einander gegenuliberliegende Enden (26,
50) aufweist; und

einer Auslassoffnung zum Auslassen der Fluidstromung (12) aus der Umhiillung, wobei die Ein- und Auslass-
offnungen derart gestaltet sind, dass diese die Fluidstromung (12) durch die Umhdillung leiten;
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gekennzeichnet durch:

eine Einlasséffnung (16, 42, 46, 64), welche mit einer Fluidquelle (62) verbunden ist, welche kontaminiertes
Fluid liefert, und mit dem Kérper (10, 40, 210, 212, 214) zum Einspeisen einer Fluidstrdmung in die Um-
hiillung verbunden ist, wobei die Einlass6ffnung (16, 42, 46, 64) zum Erzeugen von hydrodynamischer
Kavitation (18) am Austritt aus der Einlassoffnung (16,42, 46, 64) im Inneren der Umhillung gestaltet ist; und
einem offenzelligen (3DOS), dreidimensionalen Metallschaumsubstrat (14), welches im Inneren der Um-
hiillung in der Nahe der Einlass6ffnung so angeordnet ist, dass die hydrodynamische Kavitation (18), welche
durch die Einlasso6ffnung (16, 42, 46, 64) erzeugt wird, in das 3DOS Metallschaumsubstrat (14) eindringt
und sich darin in kontinuierlicher Weise fortpflanzt, wobei das 3DOS Metallschaumsubstrat (14) einen
Offnungsgrad von 3,9 Poren pro Zentimeter (ppc) bis 19,7 ppc (10 Poren pro Inch (ppi) bis 50 ppi) bei einer
relative Dichte zwischen 2% und 15% im Vergleich zur Dichte von dem Vollmaterial aufweist, aus welchem
das 3DOS Metallschaumsubstrat geformt ist, wobei die 3DOS-Struktur derart strukturiert ist, dass die hy-
drodynamische Kavitation (18) aufrechterhalten wird und sich die hydrodynamische Kavitation durch das
3DOS Substrat (14) fortpflanzt, um toxische Organismen oder unerwiinschte organische Chemikalien zu
zerstéren, welche sich in dem kontaminierten Fluid (62) befinden.

Die Fluiddekontaminierungsvorrichtung nach Anspruch 1, wobei die Einlass6ffnung (16, 42, 46, 64) eine Venturidise
ist.

Die Fluiddekontaminierungsvorrichtung nach Anspruch 1, wobei die Einlass6ffnung (42) mit einem ersten gegeni-
berliegenden Ende (50) des Korpers (40) verbunden ist und eine Diisendffnung aufweist, welche in die Fluidstro-
mungsrichtung ausgerichtet ist.

Die Fluiddekontaminierungsvorrichtung nach Anspruch 1, weiter versehen mit einer zweiten Einlass6ffnung (16,
46, 64), welche mit dem Korper (10, 40) verbunden ist und eine Disendffnung aufweist, welche senkrecht zu der
Fluidstrdbmungsrichtung ausgerichtet ist.

Die Fluiddekontaminierungsvorrichtung nach Anspruch 4, weiter versehen mit einer Mehrzahl von Einlass6ffnungen
(16, 46, 64), welche mit dem Korper (10, 40) verbunden sind und jeweils eine Disendffnung aufweisen, welche
senkrecht zu der Fluidstrdmungsrichtung ausgerichtet sind.

Die Fluiddekontaminierungsvorrichtung nach Anspruch 1, wobei die Einlasséffnung (16, 42, 46, 64) mit einer Luft-
zuflihrung verbunden ist, um die in die Umhillung einzuspeisende Fluidstromung (12) zusammen mit Luft einzu-
speisen, um die Ausbildung der hydrodynamischen Kavitation (18) beim Austritt aus der Einlassoffnung (16, 42, 46,
64) in das Innere der Umhiillung zu verstarken.

Die Fluiddekontaminierungsvorrichtung nach Anspruch 1, wobei das 3DOS Metallschaumsubstrat (14) eine Mehr-
zahlvon Abschnitten ausbildet, wovon jeder einen unterschiedlichen Offnungsgrad und eine unterschiedliche relative
Dichte aufweist.

Die Fluiddekontaminierungsvorrichtung nach Anspruch 1, wobei das 3DOS Metallschaumsubstrat (14) eine pordse
Oberflache aufweist, welche mit einem Katalysator beschichtet ist, um chemische Reaktionen auszuldsen, welche
eine Zerstérung von toxischen Organismen oder unerwiinschten organischen Chemikalien in dem kontaminierten
Fluid (62) ermdglicht.

Die Fluiddekontaminierungsvorrichtung nach Anspruch 1, wobei die Einlass- und Auslass6ffnungen mit einem Rohr-
system (202, 228, 230) verbunden und mit diesem so ausgerichtet sind, dass ein Durchgangs-Rohrabschnitt (60)
ausgebildet wird.

10. Ein Verfahren zur Fluiddekontaminierung, mit:

Einspeisen von kontaminierten Fluid (62) von einer Fluidquelle durch eine Einlasséffnung (16, 42, 46, 64) in
eine Umhiillung, wobei die Einlassoffnung (16, 42, 46, 64) mit einem Korper (10, 40, 210, 212, 214) verbunden
ist, welcher die Umhiillung definiert und eine Fluidstromung (12) durch den Kérper ermdglicht; und
Auslassen der Fluidstromung (12) aus der Umhiillung durch einer Auslasséffnung, wobei die Ein-und Auslas-
soffnungen derart gestaltet sind, dass diese die Fluidstromung (12) durch die Umhiillung leiten;
gekennzeichnet durch die Schritte von:
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Erzeugen von hydrodynamischer Kavitation (18) am Austritt aus der Einlasséffnung (16, 42, 46, 64) im
Inneren der Umhiillung; und

Fortpflanzen der hydrodynamischer Kavitation (18) im Inneren eines offenzelligen (3DOS), dreidimensio-
nalen Metallschaumsubstrats (14), welches im Inneren der Umhillung angeordnet ist, wobei das 3DOS
Metallschaumsubstrat (14) einen Offnungsgrad von 3,9 Poren pro Zentimeter (ppc) bis 19,7 ppc (10 Poren
pro Inch (ppi) bis 50 ppi) bei einer relative Dichte zwischen 2% und 15% im Vergleich zur Dichte von dem
Vollmaterial aufweist, aus welchem das 3DOS Metallschaumsubstrat geformt ist, wobei die 3DOS-Struktur
derart in der Nahe der Einlassoffnung (16, 42, 46, 64) angeordnet ist, dass die an der Einlasso6ffnung (16,
42, 46, 64) erzeugte hydrodynamische Kavitation (18) in das 3DOS Metallschaumsubstrat (14) eindringt
und das 3DOS Metallschaumsubstrat (14) die hydrodynamische Kavitation (18) der Fluidstromung (12) in
das 3DOS Metallschaumsubstrat (14) hinein aufrechterhalt, um so toxische Organismen oder unerwiinschte
organische Chemikalien zu zerstoren, welche sich in dem kontaminierten Fluid (62) befinden.

Das Verfahren nach Anspruch 10, wobei die in den Kérper (10, 40, 210, 212, 214) eingespeiste Fluidstromung (12)
mit Driicken von 0,2 MPa bis 0,55 MPa mit einem Wasser-Volumenstrom zwischen 3,5 I/min bis 5,0 I/min eingespeist
wird.

Das Verfahren nach Anspruch 10, wobei das 3DOS Metallschaumsubstrat (14) eine porése Oberflache aufweist,
welche mit einem Katalysator beschichtet ist, um chemische Reaktionen auszuldsen, welche eine Zerstérung von
toxischen Organismen oder unerwiinschten organischen Chemikalien in dem kontaminierten Fluid (62) ermdglicht.

Revendications

1.

Appareil de décontamination de fluide, comprenant :

un corps (10, 40, 210, 212, 214) définissant une enceinte qui permet un écoulement de fluide (12) a travers
celle-ci, le corps (10, 40, 210, 212, 214) présentant des extrémités opposées (26, 50) ;

une ouverture d’entrée pour décharger I'écoulement de fluide (12) a partir de I'enceinte, les ouverture d’entrée
et de sortie étant configurées pour diriger I'écoulement de fluide (12) a travers I'enceinte ;

caractérisé par :

une ouverture d’entrée (16, 42, 46, 64) couplée a une source de fluide contaminé (62) et couplée au corps
(10, 40, 210, 212, 214) pour introduire un écoulement de fluide jusque dans I'enceinte, I'ouverture d’entrée
(16, 42, 46, 64) étant configurée pour générer une cavitation hydrodynamique (18) lors de la sortie depuis
I'ouverture d’entrée (16, 42, 46, 64) a l'intérieur de I'enceinte ; et

un substrat de mousse métallique a structure ouverte tridimensionnelle (3DOS) (14) disposé a l'intérieur
de I’enceinte a proximité de I'ouverture d’entrée de telle sorte que la cavitation hydrodynamique (18) générée
par 'ouverture d’entrée (16, 42, 46, 64) entre dans le substrat 3DOS (14) et s’y étend de maniere continue,
le substrat 3DOS (14) présentant une ouverture allant de 3,9 pores par centimétre (ppc) a 19,7 ppc (10
pores par pouce (ppi)a 50 ppi) et présentant une densité relative entre 2 % et 15 % par rapport a la densité
du matériau solide constituant le substrat 3DOS, la structure 3DOS est structurée de telle sorte que la
cavitation hydrodynamique (18) est maintenue et la cavitation hydrodynamique se poursuit a travers le
substrat 3DOS (14), pour permettre la destruction d’espéces toxiques et de composés organiques indési-
rables contenus dans le fluide contaminé (62).

Appareil de décontamination de fluide selon la revendication 1, dans lequel I'ouverture d’entrée (16, 42, 46, 64) est
une buse Venturi.

Appareil de décontamination de fluide selon la revendication 1, dans lequel I'ouverture d’entrée (42) est couplée a
une premiere extrémité opposée (50) du corps (40) et présentant une ouverture de buse orientée alignée avec la
direction d’écoulement de fluide.

Appareil de décontamination de fluide selon larevendication 1, comprenant en outre une seconde ouverture d’entrée
(16, 46, 64) couplée au corps (10, 40) et présentant une ouverture de buse orientée orthogonale a la direction

d’écoulement de fluide.

Appareil de décontamination de fluide selon la revendication 4, comprenant en outre une pluralité d’ouvertures

13



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

EP 3 710 407 B1

d’entrée (16, 46, 64) couplées au corps (10, 40), chacune présentant une ouverture de buse orientée orthogonale
a la direction d’écoulement de fluide.

Appareil de décontamination de fluide selon la revendication 1, dans lequel 'ouverture d’entrée (16, 42, 46, 64) est
couplée a une alimentation en air, pour permettre al’écoulement de fluide (12) d’étre introduit a l'intérieur de I'enceinte
avec de l'air pour améliorer la formation de cavitation hydrodynamique (18) lors de la sortie depuis I'ouverture
d’entrée (16, 42, 46, 64) a I'intérieur de I'enceinte.

Appareil de décontamination de fluide selon la revendication 1, dans lequel dans lequel le substrat 3DOS (14) définit
une pluralité de sections, chacune configurée avec une ouverture et des densités relatives différentes les unes des
autres.

Appareil de décontamination de fluide selon la revendication 1, dans lequel le substrat 3DOS (14) définit une surface
poreuse qui estrevétue d’un catalyseur, pour initier des réactions chimiques qui permettent la destruction d’espéeces
toxiques et de composés organiques indésirables contenus dans le fluide contaminé (62).

Appareil de décontamination de fluide selon la revendication 1, dans lequel dans lequel les ouvertures d’entrée et
de sortie sont couplées et alignées avec un systeme de canalisation (202, 208, 230) pour former une section de
canalisation continue (60).

Procédé de décontamination de fluide, comprenant les étapes consistant a :

introduire, via une ouverture d’entrée (16, 42, 46, 64), un fluide contaminé (62) a partir d’'une source de fluide
jusque dans une enceinte, I'ouverture d’entrée (16, 42, 46, 64) étant couplée a un corps (10, 40, 210, 212, 214)
définissant I'’enceinte qui permet un écoulement de fluide (12) a travers celle-ci ; et

décharger I'écoulement de fluide (12) a partir de I'enceinte via une ouverture de sortie, les ouvertures d’entrée
et de sortie étant configurées pour diriger I'écoulement de fluide (12) jusque dans I'enceinte ;

caractérisé par les étapes consistant a :

générer une cavitation hydrodynamique (18) lors de la sortie depuis I'ouverture d’entrée (16, 42, 46, 64) a
'intérieur de I'enceinte ; et

étendre la cavitation hydrodynamique (18) a l'intérieur d’'un substrat de mousse métallique a structure
ouverte tridimensionnelle (3DOS) (14) disposé a l'intérieur de I'enceinte, le substrat 3DOS (14) présentant
une ouverture allant de 3,9 pores par centimétre (ppc) a 19,7 ppc (10 pores par pouce (ppi)a 50 ppi) et
présentant une densité relative entre 2 % et 15 % par rapport a la densité du matériau solide constituant
le substrat 3DOS, la structure 3DOS est positionnée a proximité de I'ouverture d’entrée (16, 42, 46, 64) de
telle sorte que la cavitation hydrodynamique (18) générée par I'ouverture d’entrée (16, 42, 46, 64) entre
dans le substrat 3DOS (14) et le substrat 3DOS (14) maintient la cavitation hydrodynamique (18) de I'écou-
lement de fluide (12) dans le substrat 3DOS (14), pour permettre la destruction d’espéces toxiques et de
composeés organiques indésirables contenus dans le fluide contaminé (62).

Procédé selon la revendication 10, dans lequel I'écoulement de fluide est introduit a I'intérieur du corps (10, 40,
210, 212, 214) a des pressions allant de 0,2 MPa a 0,55 MPa pour un débit d’écoulement d’eau compris entre 3,5
litres/min et 5,0 litres/min.

Procédé selon la revendication 10, dans lequel le substrat 3DOS (14) définit une surface poreuse qui est revétue

d’'un catalyseur, pourinitier des réactions chimiques qui permettentla destruction d’espéces toxiques et de composés
organiques indésirables contenus dans le fluide contaminé (62).
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